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1

OPTICAL AMPLIFIER CONTROL
APPARATUS

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2011-039034,
filed on Feb. 24, 2011, the disclosure of which 1s incorporated

herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical amplifier control
apparatus that amplifies an optical signal using excitation
light.

2. Description of the Related Art

In recent years, technologies such as OADM (Optical Add
Drop Multiplexing) have been implemented for WDM
(Wavelength Division Multiplexing) systems. OADM 1s
becoming an essential technology especially for metro access
networks that connect the user side and a backbone network.
This means that by adding or dropping a desired wavelength
to or from a wavelength multiplexed signal, the communica-
tion capacity can be changed depending on the user and
thereby a network can be flexibly deployed.

FIG. 1 1s an example of a drop configuration 1n this net-
work. First, WDM signal light 9 1s amplified by an optical
amplifier in which erbium doped fiber (EDF) 3 1s used for an
amplifying medium. The amplifying medium 1s excited by
laser diode (LD) 199 through optical coupler 59. Part of the
WDM signal light that 1s input to EDF 3 1s branched by
optical coupler 69, photoelectrically converted by photo
diode (PD) 78, and then input to control circuit 299. On the
other hand, part of the WDM signal light that 1s output from
EDF 3 1s branched by optical coupler 69, photoelectrically
converted by PD 79, and then iput to control circuit 299.
Control circuit 299 obtains an output control value of LD 199
corresponding to an optical amplification control scheme 1n
use. For example, when a constant gain control scheme 1s
implemented, control circuit 299 obtains an output control
value for LD 199 such that mput gain and output gain (the
gains on the upstream and downstream sides of EDF 3) are
constant.

The WDM signal light amplified by EDF 3 1s demulti-
plexed 1nto two parts by demultiplexer 99. Among them,
necessary signal light 1s dropped as drop signal light 19. The
other signal light passes through as through signal light 18.

FIG. 2 1s an example of a drop configuration thought to be
one candidate of the next generation drop configuration. In
the configuration shown in FIG. 2, before WDM signal light
9 1s amplified, 1t 1s demultiplexed 1nto a plurality of paths by
demultiplexer 799. FIG. 2 shows that WDM signal light 9 1s
demultiplexed 1nto path 1 and path 2.

On path 1, optical coupler 66. PD 76, EDF 6, optical
coupler 58, LD 198, optical coupler 67, PD 77, control circuit
298, and demultiplexer 98 are located. Their configuration 1s

the same as that shown 1n FIG. 1. Demultiplexer 98 demulti-
plexes the WDM signal light amplified by EDF 6 1nto drop

signal light 12 and through signal light 11.

On path 2, optical coupler 64, PD 74, EDF 7, optical
coupler 57, LD 197, optical coupler 65. PD 75, control circuit
297, and demultiplexer 97 are located. Their structure 1s the
same as that shown in FIG. 1. Demultiplexer 97 demulti-
plexes the WDM signal light amplified by EDF 7 into drop
signal light 21 and through signal light 20.
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In the configuration shown 1n FIG. 2, since a path can be
selected together with the configuration shown 1 FIG. 1, a

more tlexible network than that of the configuration shown in
FIG. 1 can be accomplished.
Examples of optical amplifiers that can be applied to the

configurations shown in FIG. 1 and FIG. 2 are presented 1n
Patent Literature 1 (JP2000-332330A, Publication) and

Patent Literature 2 (JP2001-148669A, Publication).

An optical direct amplifier presented 1n Patent Literature 1
1s composed of an optical amplification section, an excitation
LD light source, a signal detector, and a control circuit. The
optical direct amplifier presented 1n Patent Literature 1 oper-
ates 1n such a manner that when the number of channels of an
iput optically multiplexed signal i1s large, the number of
excitation LD light sources 1s increased; when the number of
signal channels decreases, the number of exciting LD light
sources 1s decreased.

A wavelength multiplexed light repeater presented 1n
Patent Literature 2 1s composed of a plurality of optical trans-
mission paths, excitation light sources, and EDFs. The wave-
length multiplexed light repeater presented in Patent Litera-
ture 2 demultiplexes a WDM signal into signals with different
wavelengths, optically amplifies them, and then multiplexes
them.

Generally, optical amplifiers need to increase the output of
an LD (light intensity of excitation light) corresponding to the
number of mnput wavelengths of the WDM signal light. I1 the
configuration shown 1n FIG. 2 1s implemented, since 1t 1s
likely that the entire WDM signal light 1s selected for path 1
or path 2, the LD on each path needs to output excitation light
with light intensity that allows the entire WDM signal light to
be amplified.

Thus, when the next generation drop configuration shown
in FIG. 2 1s implemented, since excitation light sources for
optical amplifiers having the configurations presented 1in
Patent Literatures 1 and 2 need to be located corresponding to
the number of paths, a problem 1n which the cost rises in
proportion to an increase of the number of paths arises.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
an optical amplifier control apparatus whose cost 1s not pro-
portional to an increase 1n the number of paths.

To accomplish the foregoing object, a control circuit
according to the present invention includes a determination
section that determines which paths to allocate which excita-
tion lights that differ 1n light intensity based on a parameter
about wavelength lights on a plurality of paths when said
wavelength lights of WDM signal light that propagate to one
of said plurality of paths are optically amplified.

To accomplish the foregoing object, a first optical amplifier
control apparatus according to the present invention includes
said control circuit, optical amplifiers respectively located on
said paths, a plurality of light sources that output said excita-
tion lights that differ in light intensity, and an optical switch
that changes optical routes of said excitation lights that are
output from said light sources and 1nputs the excitation lights
to said optical amplifiers as determined by said control cir-
cuit.

To accomplish the foregoing object, a second optical
amplifier control apparatus according to the present invention
includes said control circuit, a plurality of light sources that
output said excitation lights that differ in light intensity, opti-
cal amplifiers to which said excitation lights that are output
from said light sources are iput, and an optical switch that
changes optical routes of said excitation lights on said paths
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and mputs the excitation lights to said optical amplifiers as
determined by said control circuit.

To accomplish the foregoing object, an optical amplifier
control method according to the present invention includes
determining which paths to allocate which excitation lights
that differ in light intensity based on a parameter that relates
to wavelength lights on a plurality of paths when said wave-
length lights of WDM signal light that propagate to one of
said plurality of paths are optically amplified.

According to the present invention, an optical amplifier
control apparatus whose cost 1s not proportional to an
increase in the number of paths can be provided.

The above and other objects, features, and advantages of
the present invention will become apparent from the follow-
ing description with reference to the accompanying drawings
which illustrate examples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram describing a related drop
configuration;

FIG. 2 1s a schematic diagram describing a related drop
configuration;

FIG. 3 1s a schematic diagram describing a control circuit
according to the present invention;

FI1G. 4 15 a schematic diagram describing an optical ampli-
fier control method according to the present invention;

FIG. 5 15 a schematic diagram describing an optical ampli-
fier control apparatus according to the present invention;

FIG. 6 15 a schematic diagram describing an optical ampli-
fier control apparatus according to the present invention;

FI1G. 7 1s a schematic diagram describing an optical ampli-
fier control apparatus according to the present invention;

FI1G. 8 1s a schematic diagram describing an optical ampli-
fier control apparatus according to the present invention;

FIG. 9 1s a schematic diagram describing an optical ampli-
fier control method according to the present invention;

FIG. 10 1s a schematic diagram describing an optical
amplifier control apparatus according to the present imven-
tion;

FIG. 11 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 12 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 13 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 14 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 15 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 16 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion;

FIG. 17 1s a schematic diagram describing an optical
amplifier control apparatus according to the present mven-
tion.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
=y

ERRED

With reference to the accompanying drawings, embodi-
ments of the present invention will be described. The embodi-
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ments described 1n the following are examples of the present
invention and therefore the present invention 1s not limited to
the following embodiments. In this specification and draw-
ings, 1t should be noted that configurational components with
identical reference numerals represent identical components.

Embodiment 1

FIG. 3 1s a schematic diagram describing control circuit
300 according to this embodiment. Control circuit 300 1s
provided with determination section 301 that determines
which paths to allocate excitation lights that differ in light
intensity corresponding to a parameter that relates to wave-
length lights on individual paths when wavelength lights of a
WDM signal light that propagate to a plurality of paths are
optically amplified. In this case, the parameter that relates to
wavelength lights 1s a parameter that relates to the number of
wavelength lights and therefore 1t may be the number of
wavelengths of wavelength lights or their light intensities.

Control circuit 300 executes an optical amplifier control
method as shown 1n FIG. 4. In other words, when wavelength
lights of WDM signal light that propagate to any one of a
plurality of paths are optically amplified, control circuit 300
starts a determination (at step S11). First, control circuit 300
obtains the parameter that relates to wavelength lights on
individual paths (at step S12) and determines which paths to
allocate excitation lights that differ in light intensity corre-
sponding to the obtained parameter (at step S13). Thereatter,
control circuit 300 causes an optical switch located on the
downstream side thereol to change optical routes of excita-
tion lights based on the determination result (at step S14).

Embodiment 2

FIG. 5 1s a schematic diagram describing optical amplifier
control apparatus 402 in which control circuit 300 1s incor-
porated. The minmimal configurational components of optical
amplifier control apparatus 402 are control circuit 300, opti-
cal amplifiers 4 and 5 that are located on the individual paths,
a plurality of light sources (LLDs) 200 and 201 that output
excitation lights that differ in light intensity, and optical
switch 32 that changes optical routes of excitation lights that
are output from light sources 200 and 201 and inputs the
excitation lights to optical amplifiers 4 and 5. FIG. S con-
cretely describes optical amplifier control apparatus 402 and
thereby shows not only the minimal configurational compo-
nents but also other components. According to this embodi-
ment, optical amplifiers 4 and 5 are EDFs. Thus, hereinaftter,
the optical amplifiers will be described as EDFs 4 and 5.
Although this embodiment shows that the number of paths 1s
two, 1t should be noted that the number of paths 1s not limited
to two.

Demultiplexer 800 1s connected to optical coupler 60 and
optical coupler 61. Optical coupler 60 1s connected to EDF 4
and PD 70, whereas optical coupler 61 1s connected to EDF 5
and PD 71. EDF 4 1s connected to optical coupler 62 and
optical switch 32 through optical coupler 50, whereas EDF 5
1s connected optical coupler 63 and optical switch 32 through
optical coupler 51. Optical switch 32 1s connected to LD 200,
LD 201, and control circuit 300. Control circuit 300 1s con-
nected to PD 70, PD 71, PD 72, and PD 73. Optical coupler 62
1s connected to PD 72 and demultiplexer 100, whereas optical
coupler 63 1s connected to PD 73 and demultiplexer 101. In
the drawing, solid lines represent optical connections,
whereas dotted lines represent electrical connections.

With reference to FIG. 5, the operation of optical amplifier
control apparatus 402 will be described. WDM signal light 9
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1s demultiplexed into wavelength lights that propagates to
path 1 and path 2 by demultiplexer 800. Wavelength light
demultiplexed into path 1 1s partly branched and input to PD
70 for monitor light by optical coupler 60. Since the light
intensity of the monitor light represents the number of wave-
length lights that propagate to path 1, the monitor light 1s
converted into an electronic signal by PD 70 and then the
clectric signal 1s sent to control circuit 300.

The non-monitor wavelength light 1s mnput to EDF 4 and
then this wavelength light 1s coupled by optical coupler 50 to
excitation light that 1s output from LD 200 or LD 201. Optical
switch 32 selects an LD from which excitation light that 1s
coupled 1s output. At this point, optical switch 32 selects an
L.D based on a command recerved from control circuit 300.

LD 200 can output light with light intensity that allows all
wavelengths of WDM signal light 9 to be amplified. In con-
trast, LD 201 can output light with light intensity that allows
a half of all wavelengths of WDM signal light 9 to be ampli-
fied.

Control circuit 300 selects LD 200 when the number of
wavelength lights (number of wavelengths) on path 1 1s equal
to or greater than the half of the number of wavelengths of
WDM signal light 9 or selects LD 201 otherwise based on the
light intensity of the monitor light detected by PD 70.

Er’* ions (erbium ions) in EDF 4 are excited by excitation
light that 1s output from LD 200 or LD 201 and wavelength
light is amplified by the exited Er’* ions and then output.

Wavelength light that 1s output from EDF 4 1s partly
branched by optical coupler 62 for monitor light and then
input to PD 72. PD 72 converts the branched wavelength light
into an electric signal and sends 1t to control circuit 300.
Control circuit 300 decides output control values of LD 200
and LD 201 based on an optical amplification control scheme.
For example, when a constant gain control scheme 1s imple-
mented, control circuit 300 obtains output control values of
the LDs such that the input and output gains (the gains on the
upstream and downstream sides of EDF 4) become constant.

As described above, wavelength light that 1s demultiplexed
by demultiplexer 800 and that propagates to path 1 1s ampli-
fied up to a desired output level by EDF 4 and then demulti-
plexed into drop signal light 12 and through signal light 11 by
demultiplexer 100.

On the other hand, wavelength light that 1s demultiplexed
by demultiplexer 800 and that propagates to path 2 1s ampli-
fied 1n the same manner as described for path 1 and then
demultiplexed into drop signal light 21 and through signal
light 20 by demultiplexer 101.

Next, effects of this embodiment will be described.

Effect 1

In the configuration shown in FIG. 2, LDs that output light
with light intensity that allows all wavelengths contained in
WDM signal light 9 to be amplified need to be provided on
individual paths. In other words, 1n this case, necessary out-
puts of LDs increase in proportion to the number of wave-
lengths and thereby the cost of LDs rises.

In contrast, 1n the configuration according to this embodi-
ment, since the output of an LD on one path can be the half of

the output of an LD used for all wavelengths, the cost of one
LD can be reduced.

Eftect 2

The effect of cost reduction described in Effect 1 becomes
strong 1n proportion to an increase of the number of paths.
Here, the case in which the optical amplifier control apparatus
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has four paths will be described. Four LDs located 1n the
optical amplifier control apparatus are as follows.

LD for all wavelengths of WDM signal light . . . 1 unit

LD for half of all wavelengths of WDM signal light . . . 1
unit

LD for one third of all wavelengths of WDM signal light . ..
1 unit

LD for one fourth of all wavelengths of WDM signal
light . .. 1 unit

In the configuration shown in FIG. 2, four LDs for all
wavelengths of WDM signal light are required. Thus, assum-
ing that the cost of an LD for all wavelengths of WDM signal
light 1s 1, the cost of LDs 1n the configuration shown 1n FIG.
2 will be 4.

Assuming that the attenuation amount of a wavelength 1s
proportional to the cost, the cost of LDs of the entire apparatus
according to the present invention becomes:

1 +1541434+54=251>

Thus, 1t 15 clear that the cost can be remarkably reduced.

Embodiment 3

Eitect 3

FIG. 6 1s a schematic diagram describing optical amplifier
control apparatus 403 according to embodiment 3. Optical
amplifier control apparatus 403 1s different from optical
amplifier control apparatus 402 shown 1n FIG. 5 1in that wave-
length light 1s not monitored on the upstream side of EDFs 4
and 5. The optical amplifier control apparatus 403 controls
optical amplification based on for example an optical output
constant control scheme. The configuration according to this

embodiment can also obtain the foregoing Effect 1 and Effect
2.

Embodiment 4
Etitect 4

FIG. 7 1s a schematic diagram describing optical amplifier
control apparatus 404 according to embodiment 4. Optical
amplifier control apparatus 404 1s different from optical
amplifier control apparatus 402 1n that wavelength light 1s not
monitored on the downstream side of EDFs 4 and 5. Optical
amplifier control apparatus 403 controls optical amplification
based on for example a simplified gain constant control
scheme (a scheme 1n which the output of an LD 1s adjusted 1n
proportion to the input level). The configuration according to

this embodiment can also obtain the foregoing Effect 1 and
Effect 2.

Eftect 5

The foregoing effects can be obtained not only by inputting
excitation light on the downstream side of EDFs 4 and 5 like
optical amplifier control apparatus 402, but also by imnputting
excitation light on the upstream side of EDFs 4 and 5.

Eftect 6

Generally, EDFs have characteristics in which even 1f exci-
tation light that 1s output from an LD 1s shut out, the excitation
state of Er’* ions continues for a constant period (life time
period). Thus, by operating optical switch 32 more quickly
than the life time period of the excitation state of an EDF,
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paths of WDM signal light can be changed over without an
instantaneous power interruption.

Embodiment 5

Eftect 7

FIG. 8 1s a schematic diagram describing optical amplifier
control apparatus 4035 according to embodiment 5. Optical
amplifier control apparatus 4035 1s different from optical
amplifier control apparatus 402 shown 1n FIG. 5 in that a
backup LD port 1s located in optical switch 32 and backup LD
202 1s connected to the port. Control circuit 300 of optical
amplifier control apparatus 405 executes an optical amplifier
control method as shown 1n FIG. 9. In other words, after step
S13 described with reference to FIG. 4, control circuit 300
checks output lights of LDs and checks whether or not a
desired output 1s obtained (at step S15). If excitation light has
not reached necessary light intensity that allows wavelength
light on the path to be amplified, control circuit 300 deter-
mines that backup excitation light will be used to optically
amplily wavelength light on the path (at step S16). LD 202
that outputs backup excitation light serves for all wavelengths
of WDM signal light. Even 11 LD 200 or LD 201 deteriorates
or breaks down 1n optical amplifier control apparatus 405,
since wavelength light can be optically amplified until the LD
1s replaced with a good one, the quality of optical amplifier
control apparatus 405 can be improved.

Embodiment 6

Effect 8

FI1G. 101s a schematic diagram describing optical amplifier
control apparatus 406 according to embodiment 6. Optical
amplifier control apparatus 406 1s different from optical
amplifier control apparatus 402 shown in FIG. 5 in that LD
400 and 401 that input excitation light and couplers 52 and 53
are also located on the upstream side of EDFs 4 and 5. In other
words, the configuration shown in FIG. 5 can be combined
with the configuration shown in FIG. 2. As shown in FI1G. 10,
when LDs 400,401, 200, and 201 are located on the upstream

and downstream sides of EDFs 4 and 5. L.Ds 400 and 401 on
the upstream side can be controlled as described with refer-
ence to FIG. 2 and L.Ds 200 and 201 on the downstream side
can be controlled as described with reference to FIG. 5. Alter-
natively, the LDs on the upstream side can be controlled as
described with reference to FIG. 5 and the [.Ds on the down-
stream side can be controlled as described with reference to

FIG. 2.

Embodiment 7

FEifect 9

FIG. 11 1s a schematic diagram describing optical amplifier
control apparatus 407 according to embodiment 7. Optical
amplifier control apparatus 407 1s different from optical
amplifier control apparatus 402 1n a configuration that multi-
plexes wavelength lights instead of a configuration that
demultiplexes WDM signal light. Through signal light 13 and
add signal light 14 are multiplexed by multiplexer 900, the
multiplexed light propagates to path 1, and then the multi-
plexed light 1s optically amplified as described with reference
to FIG. 5. Through signal light 22 and add signal light 23 are
multiplexed by multiplexer 901, the multiplexed light propa-
gates to path 2, and then the multiplexed light i1s optically
amplified as described with reference to FIG. 5. Multiplexer
103 multiplexes optically amplified wavelength lights and
outputs WDM signal light 8.

10

15

20

25

30

35

40

45

50

55

60

65

8

Embodiment 8

FIG. 1215 a schematic diagram describing optical amplifier
control apparatus 408 according to embodiment 8. Optical
amplifier control apparatus 408 1s different from optical
amplifier control apparatus 402 in that Raman amplification

fibers 600 and 601 that perform Raman amplification are used

instead of EDFs 4 and 5. Optical amplifier control apparatus
408 can obtain Effect 1, Effect 2, Effect 3, Eifect 4, Eifect 7,

Eftect 8, and Fftect 9.

Embodiment 9

FIG. 13 1s a schematic diagram describing optical amplifier
control apparatus 409 according to embodiment 9. Optical
amplifier control apparatus 409 1s different from optical
amplifier control apparatus 402 in that routes of wavelength
lights on paths are changed over, not routes of excitation
lights that are output from LDs. The minimal configurational
components of optical amplifier control apparatus 409 are
control circuit 300, LDs 200 and 201 that output excitation
lights that differ 1n light intensity, EDFs 4 and 3 that input
excitation lights, and optical switches 54 and 55 that change
optical routes of wavelength lights on paths based on the
determination of control circuit 300 and input the wavelength
lights to EDFs 4 and 5. FIG. 13 concretely describes optical
amplifier control apparatus 402 and thereby shows not only
the mimimal configurational components but also other com-
ponents. In optical amplifier control apparatus 409, EDFs and
L.Ds are located in pairs, control circuit 300 determines which
EDF optically amplifies wavelength lights corresponding to
the number of wavelength lights on the paths, and the EDFs
are changed over using optical switches 34 and 55.

Optical amphﬁer control apparatus 409 can obtain Effect 1,
Effect 2, Effect 4, Effect 5, Effect 7, Effect 8, and Effect 9
However, to obtam Effect 7 not only backup LD 202, but
EDF 6 and optical coupler 54 need to be provided as shown n
FIG. 14. Alternatively, as shown 1n FIG. 15, an amplification
method could be changed using Raman amplification fiber
602 instead of EDF 6.

Embodiment 10

FIG. 161s a schematic diagram describing optical amplifier
control apparatus 412 according to embodiment 10. Optical
amplifier control apparatus 412 1s different from optical
amplifier control apparatus 409 shown in FIG. 13 in that
Raman amplification fibers 600 and 601 are used instead of
EDFs 4 and 5. Optical amplifier control apparatus 412 can
obtain Effect 1, Effect 2, Effect 4, Eftect 7, Ffifect 8, and
Effect 9. With respect to effect 7, 11 wavelength light does not
need to be amplified because of large input levels (the loss of
amplification fiber 1s equal to the loss of the Raman gain, etc),
by changing an optical route of wavelength light on a path to
a route connected only to fiber 71, the power consumption of
the LDs can be also reduced.

Other Embodiments

In the foregoing embodiments, although optical amplifiers
were described as EDFs or Raman amplification fibers, as
long as they are mediums that can amplify light, the same
cifects can be obtained.

While the mvention has been particularly shown and

described with reference to exemplary embodiments thereof
the invention 1s not limited to these embodiments. It will be
understood by those of ordinary skill 1n the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.
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What 1s claimed 1s:
1. A control circuit, comprising;

a determination section that determines which paths to
allocate which excitation lights that differ in light inten-

sity based on a parameter that relates to a number of >

wavelengths of wavelength lights on a plurality of paths
when said wavelength lights of Wavelength Division
Multiplexing (WDM) signal light that propagate to one
of said plurality of paths are optically amplified.

2. The control circuit as set forth 1in claim 1,

wherein at least one of said excitation lights has light
intensity that allows all wavelengths contained in said
WDM signal light to be optically amplified.

3. The control circuit as set forth in claim 1,

wherein said determination section determines to use a
backup excitation light of said excitation light 11 said
excitation lights have not reached light intensity neces-
sary to optically amplify said wavelength lights on said
path.

4. The control circuit as set forth in claim 3,

wherein said backup excitation light has light intensity that
allows all wavelengths contained 1 said WDM signal
light to be optically amplified.

5. An optical amplifier control apparatus, comprising:

a control circuit as set forth 1n claim 1;

optical amplifiers respectively located on said paths;

a plurality of light sources that output said excitation lights
that differ 1n light intensity; and
an optical switch that changes optical routes of said exci-
tation lights that are output from said light sources and
inputs the excitation lights to said optical amplifiers 1n
accordance with a judgment of said control circuit.
6. The optical amplifier control apparatus as set forth 1n
claim 5,
wherein said optical amplifiers comprise erbium-doped
fibers (EDF's).
7. The optical amplifier control apparatus as set forth in
claim 5,
wherein said optical amplifiers comprise Raman amplifi-
cation fibers.
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8. An optical amplifier control method, comprising;:

determining which paths to allocate which excitation lights

that differ 1in light intensity based on a parameter that

relates to a number of wavelengths of wavelength lights

on a plurality of paths when said wavelength lights of

Wavelength Division Multiplexing (WDM) signal light

that propagate to one of said plurality of paths are opti-
cally amplified.

9. The control circuit as set forth 1n claim 1, wherein the

parameter that relates to the number of wavelengths of the

wavelength lights on the plurality of paths 1s obtained for each
path.

10. The optical amplifier control apparatus as set forth in
claim 5, wherein the optical switch changes the optical routes

of said excitation lights based on a result of the determination
section.

11. The optical amplifier control apparatus as set forth in
claim S, wherein a first light source of the plurality of light
sources 15 selected by the switch when the number of wave-
lengths of wavelength lights 1s equal to or greater than half of
said wavelength lights of the WDM signal light, and

wherein a second light source of the plurality of light

sources 1s selected when the first light source 1s not
selected.

12. The optical amplifier control apparatus as set forth in
claim 6, wherein a first light source of the plurality of light
sources 1s located on an upstream side of the optical amplifi-
ers, and

wherein a second light source of the plurality of light

sources 1s located on a downstream side of the optical
amplifiers.

13. The optical amplifier control apparatus as set forth in
claim 5, wherein n optical amplifiers are located to n paths,

wherein n 1s an 1nteger.

14. The optical amplifier control apparatus as set forth in
claim 5, wherein there 1s a one-to-one correspondence
between a number of said optical amplifiers and a number of
said paths.

15. The optical amplifier control apparatus as set forth in
claim 5, wherein each of the paths 1s provided with the exci-
tation light of an optical amplifier.
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